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Plant extracts represent a great source of molecules, with insecticidal
activity, which are used for pest control in several crop production
systems. This work aimed to evaluate the toxicity of an aqueous extract
of leaves of castor bean against larvae of Spodoptera frugiperda (Smith)
(Lepidoptera: Noctuidae) in search for different classes of molecules
with insecticidal activities by using in vitro assays. The effects of the
castor bean leaf extract on the food utilization, development, and
survival of S. frugiperda larvae was evaluated by feeding the larvae an
artificial diet supplemented with different concentrations of the extract
(0%, 1%, 2.5%, 5%, and 10% w/v). The effects observed were dose-
dependent, and the highest concentration evaluated (10% w/v) was
the one the most affected food utilization by altering the nutritional
indices, as well as larval weight gain, development time, and survivor-
ship. In vitro assays to detect saponins, lectins, and trypsin inhibitors in
the castor bean leaf extract were performed, but only trypsin inhibitors
were detected. No preference for the diet source was detected in S.
frugiperda by feeding the larvae in choice experiments with diets con-
taining different concentrations of the castor bean extract tested. The
data obtained indicate the existence of a potential molecule in the
tested extract of castor bean to be used as an alternative insecticide
to be integrated in the management of S. frugiperda.
Introduction
Insect pests are the major source of losses in the production
of agricultural plants, and corn production suffers a 31%
reduction worldwide due to the attack of insects (Oerke
2006). The fall armyworm, Spodoptera frugiperda (Smith)
(Lepidoptera: Noctuidae), is one of the major pests in corn,
and in Brazil, it is reported to cause from 20% to 100%
reduction on corn production alone (Sarmento et al 2002).
Preventive and curative pest control measures must be un-
dertaken in crop production systems to reduce losses inflicted
by insect pests to allow for a sustainable crop production. The
strategies available for controlling S. frugiperda still rely on the
heavily use of insecticides in many areas of the world, al-
though new technologies are becoming increasingly available
(Valicente et al 2010, Kos et al 2009). The use of insecticides is
known to cause a number of undesired effects to the non-
target species and to the environment, and to speed the
process of development of insecticide resistance in insects
(Hardstone & Scott 2010). Insecticide resistance has also been
shown to be a problem in S. frugiperda control even in areas
where the new technologies based on Bt plants were imple-
mented (Storer et al 2010). Because of all of these issues,
there is a continuous need for the search of alternative
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strategies for pest control or for the discovery of new mole-
cules with insecticidal potential that would be environmental
friendly and less noxious to the non-target species (Casida &
Quistad 1998, Pang et al 2012).
Host plant resistance to insects could be used as a useful
tool against pests (Eigenbrode & Trumble 1994, Kloth et al
2012). Different strategies could be taken to exploit plant
resistance to insects. One of those is the exploitation of wild
types of the cultivated crops as a source of insect resistance
traits that could be transferred to the commercial varieties by
plant breeding programs (Ni et al 2011). Plants can also serve
as a source of insecticide molecules that could be directly
explored as insecticides for plant protection, as pyrethrins
and azadirachtin (Eisner 1991, Morgan 2009). Furthermore,
the chemical structure of plant-derived insecticide molecules
can also be exploited for the synthesis of analogous new
molecules, such as the pyrethroids which were derived from
natural pyrethrins (Casida 1980) and the nicotinoids and
neonicotinoids from nicotine (Tomizawa et al 2000).
The castor bean Ricinus communis (Euphorbiaceae) has
shown a great potential as a source of insecticidal mole-
cules against several insects (Roark 1947, Upasani et al
2003, Rahuman et al 2008, Elimam et al 2009; Rossi et
al 2010, Zahir et al 2011), including species of Spodoptera
(Ramos-López et al 2010, 2012). Therefore, we aimed to
verify the effects of an aqueous extract of leaves of
castor bean by evaluating the food utilization (nutrition-
al indices), larval development, and survival of S. frugi-
perda fed on different concentrations of the tested
extract. We also attempted to do a preliminary charac-
terization of the active molecule in the extract of leaves
of castor bean.
Material and Methods
Castor bean leaf extracts
Young castor bean leaves (cultivar Carmencita Red)
were collected; the petioles and major leaf veins were
removed, and the remaining was cut into small pieces,
and 10 g were ground in a mortar with a pestle. Thirty
milliliters of distilled water was added to the grounded
leaves, and the mixture was homogenized by shacking
at 150 rpm for 30 min at 4°C. The sample was centri-
fuged (10,000g× 10 min×4°C) and the supernatant
collected.
Biological assays of the activity of castor bean extracts
against Spodoptera frugiperda
Spodoptera frugiperda were reared on a bean-based arti-
ficial diet as described by Parra (2001). Castor bean leaf
extracts were added to the diet to a final concentration of
10%, 5%, 2.5%, and 1% (w/v). A regular diet (without castor
bean extract) was used as a control.
Control and test diets were cut into pieces (≅3.4 cm3),
weighed, and then offered to neonate larvae individualized
in plastic containers (50 mL) and held under controlled
conditions (25±2°C; 60±10% RH; and photophase of
12 h). Larval survivorship and development was monitored
for 29 days, and larval weight was assessed at every 2- or 3-
day intervals, and a growth curve was prepared. The period
of observation was sufficient to allow for the full larval
development. The fresh weight of the diet was measured
at the beginning and at the end of the test period. The
water loss of the diet was estimated by comparing the
obtained weight with that of control samples that were
exposed to the same conditions but had no larva feeding
(Parra 1991). The larval feces produced were collected and
weighed at the end of the experiment.
The nutritional indices were calculated based on the
fresh weight (Waldbauer 1968, Parra 1991), taking into
account only those larvae that successfully developed to
pupa. Pupal weight was assessed 24 h after pupation. The
following indices were calculated: relative consumption
rate (RCR0 I/Bm×T), relative metabolic rate (RMR0M/Bm×
T), relative growth rate (RGR0B/Bm×T), efficiency of con-
version of ingested food [ECI0(B/I)×100], efficiency of
conversion of digested food [ECD0(B/I–F)×100], and ap-
proximate digestibility [AD0(I–F/I)×100], in which: T0
feeding period; I0food consumption during T; B0 larval
weight gain during T; F0feces produced during T; M0food
spent by metabolic processes during T [M0(I–F)–B]; Bm0
mean larval weight during T.
Data for the larval and pupal weight, larval development
time, and survivorship were subjected to ANOVA and differ-
ences between averages compared by using the Tukey’s test
(P<0.05). Experiments were replicated four times, and each
replicate consisted of a group of 11 individualized larvae,
totaling 44 larvae/treatment. Data obtained for the nutri-
tional indices were also subjected to ANOVA and compared
by the Tukey’s test (P<0.05). All statistical analyses were
carried out using the R® software (R Development Core
Team 2008).
Saponin detection in the castor bean leaf extracts
Steroidal saponins were measured following Baccou et al
(1977). A digitonin standard curve (0.8–32.5 nMol) was
used as a reference. Briefly, an ethanolic digitonin stock
solution was placed into glass tubes, boiled until dryness,
and then 1 mL of ethyl acetate was added. The solution was
completely homogenized by vortex for 30 min. Five hun-
dred microliters of 4-anisaldehyde solution (Baccou et al
1977) was added, followed by 500 μL of a 50% sulfuric acid
504 Rossi et al
in ethyl acetate. Samples were incubated (60°C for
20 min), cooled at room temperature (10 min), and then
the absorbance read at 460 nm.
Grounded castor leaves (250 mg) were subjected to
saponin extraction with 5 mL of ethanol after shacking for
1 h in an orbital shaker at 200 rpm. After extraction,
samples were centrifuged (10,000×g×10 min) at room
temperature; supernatants were collected, and 400 μL
were processed as the standard stock solution. The pres-
ence of saponin was assessed by reading the absorbance at
460 nm. Three replicates were made, and a sample of the
extracted leaves was directly used as a control treatment.
Lectin detection in the castor bean leaf extracts
Lectins were measured by an erythrocyte agglutination test
(Calderón de la Barca et al 1985). The castor bean leaf
extract was dialyzed against water before analysis to avoid
divalent ions agglutination as a false result. Briefly, serial
dilutions of the castor bean leaf extract were done, and
1 volume of the diluted extract was incubated with 1 volume
of a 2% human erythrocyte suspension (type A-positive) at
room temperature. After 90 min of incubation, samples
were visually inspected for hemagglutination. One hemag-
glutinating unit was defined as the higher value of dilution
of the extract that caused visual hemagglutination. The
experiment was conducted with three replicates.
In vitro inhibition of S. frugiperda trypsin by the castor bean
leaf extract
An enzymatic extract of the midgut of last instars of S.
frugiperda was prepared after larval dissection and homog-
enization (three larval guts) in a 1 mL of cold water (4°C) in
a Potter–Ehlvejen apparatus. The homogenate was then
centrifuged (10,000×g×10 min×4°C), and the supernatant
collected was used as the enzymatic extract in all assays.
The inhibition of trypsin of S. frugiperda by the castor
bean leaf extract was evaluated by incubating 200 μL of the
larval midgut enzymatic extract with 200 μL of the castor
bean leaf extract (20%, 10%, 5%, and 2% w/v) and 800 μL of
BApNA (870 μM) buffered in glycine–NaOH 50 mM (pH0
9.0). The enzymatic extract was diluted tenfold to obtain a
linear response over time, and it was incubated with the
castor bean extract for 30 min at 30°C before addition of
BApNA. Control treatment was made by using 200 μL of
distilled water instead of the leaf extract. Assays were kinet-
ically conducted with four different incubation times (30, 60,
90, and 120 min) on each replicate. Reactions were stopped
by adding 200 μL of 10% acetic acid, and the absorbance was
read at 410 nm. Trypsin activity was calculated using the
molar extinction coefficient of p-nitroaniline (Erlanger et al
1961). One enzyme milliunit was defined as the enzyme
concentration required for the release of 1 nMol of p-nitro-
aniline/min under the assay conditions. Inhibition was de-
fined as the difference between the control assay (no leaf
extract added) and the test assay (leaf extract added). Each
treatment was replicated three times.
Choice-test
Choice-tests were conducted in a circular arena (15 cm
diameter×1.9 cm high) containing small pieces (1.5 cm di-
ameter×1.3 cm high) of the test and control diets equally
spaced from the center of the arena. Each arena had two
pieces of each diet. Each test diet was separately analyzed
against control diet. Six 8-day-old larvae were released at
the center of the arena, and the diet chosen by the larva
was verified after 24 h. Experiments were randomly
assigned and treatment had ten replicates, with each arena
considered as a replicate. Data on larval choice were com-
pared by a χ2 test (P≤0.05).
Results
The addition of the leaf extract of castor bean at different
concentrations affected larval weight gain of S. frugiperda
(Fig 1). Control larvae attained the maximum weight earlier
than the larvae exposed to any concentration of the castor
bean leaf extract (Table 1). However, the larval maximum
weight was only affected in larvae fed on diets with the
highest concentration of the castor bean extract (Table 1).
Interestingly, the pupal weight was reduced in those feed-
ing on castor bean leaf extract-supplemented diets, regard-
less of their effect on the larval weight gain (Table 2).
Larval mortality was increased when larvae were fed on
diets supplemented with 10% or 5% of the castor bean
extract (Table 2). The cumulative mortality obtained
was dependent on the concentration of the extract
added to the diet. Larval mortality for larvae feeding
on a 5% extract-supplemented diet started to increase
at day 29 after the beginning of the experiment, reach-
ing a little over 50% total mortality, while mortality of
those feeding on a 10% extract-supplemented displayed
a much higher mortality rate earlier at their develop-
ment (day 20), reaching almost 90% cumulative mor-
tality at the end of the experiment (Fig 2).
Larvae of S. frugiperda feeding on 10% leaf extract-
supplemented diet had reduced food consumption and
ECI as compared with control larvae (Fig 3a and f), but
an increased RCR and RMR (Fig 3b and c). The RGR of
larvae of S. frugiperda feeding on diets supplemented
with castor bean leaf extract were negatively affected
in a dose-dependent way, although no difference was
observed between larvae fed on diets with 2.5% and
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1% (Fig 3d). Interestingly, the castor bean leaf extract
led to an improved approximate digestibility in a dose-
dependent way (Fig 3e). Nevertheless, the castor bean
extract led to a 3.5-fold reduction in the efficiency of
conversion of ingested food (ECI) and to an eightfold
reduction in the ECD at the highest extract concentra-
tion (Fig 3). Consequently, the highest metabolic costs
were observed for those larvae feeding on diets con-
taining 5% or 10% castor bean extract (Fig 3h). ECI,
ECD, and metabolic cost at the lower castor bean leaf
extract concentrations were similar to those larvae
reared in the control (Fig 3).
No steroidal saponins or lectins were detected in
the castor leaf extract analyzed. Trypsin inhibitors were
the only molecules with insecticide activity investigated
that were found in the castor bean leaf extract, and an
in vitro trypsin inhibition assay was dose-dependent
(Fig 4). Choice experiments discarded any effect on
larval preference as larvae of S. frugiperda equally
selected control and castor bean leaf extract supple-
mented diets (Fig 5).
Discussion
Larval development of S. frugiperda we observed was
similar to that observed by Souza et al (2001), but several
biological traits of S. frugiperda reared on artificial diets
supplemented with castor bean leaf extracts were affect-
ed, especially when larvae were fed on a diet containing
10% castor bean leaf extract. The larval nutritional indices,
late larval mortality, and feeding behavior observed for S.
frugiperda suggest the presence of an anti-nutritional fac-
tor in the castor leaf extract (Soetan 2008). As saponins or
lectins were not detected in the castor bean leaf extract
and the only anti-nutritional factor associated with this
extract was the trypsin inhibitor, we believe that, at least
in part, the negative effects observed in S. frugiperda was
associated with this molecule.
Furthermore, our data are very similar to other studies
analyzing the effects of purified or semi-purified trypsin
inhibitors against other lepidopterans, such as Diatraea
saccharalis (F.) (Lepidoptera: Crambidae) and Anagasta
kuehniella (Zeller) (Lepidoptera: Pyralidae), which had their
Fig 1 Growth curves of Spodoptera frugiperda larvae fed on control
and castor bean leaf extract-supplemented diets [control (white dia-
mond), 1% (white circle), 2.5% (multiplication sign), 5% (white trian-
gle), and 10% (white square) castor bean leaf extracts].
Table 1 Development time required (days±SE) for larvae of Spodop-
tera frugiperda to attain their maximum weight (milligrams±SE) when
feeding on control and castor bean leaf extract-supplemented diets.
Extract
concentration
Development time to attain
maximum weight (days)
Maximum
weight (mg)
10% 26.5±2.9a 144.3±137.1c
5% 19.7±3.0b 471.1±69.2b
2.5% 15.6±2.2c 577.8±88.8a
1% 15.2±2.9c 574.5±132.0ab
Control 12.1±1.5d 531.4±129.0ab
Different letters in the same column indicate differences between
treatments are different (Tukey’s test, P<0.05) (SE standard error).
Table 2 Larval development time (days) and mortality (%), and pupal
weight of Spodoptera frugiperda fed on control and castor bean leaf
extract-supplemented diets.
Extract
concentration
n Larval
development
time (days)
Larval
mortality
(%)
Pupal weight
(mg)
10% 38 29.0±0.0a 89.9±3.8a 141.0±70.4c
5% 38 24.2±2.0b 55.7±8.6b 189.6±14.0c
2.5% 41 20.1±2.5c 7.3±4.8c 259.7±4.8b
1% 39 19.3±2.7c 10.0±4.1c 266.0±7.2b
Control 41 16.1±1.0d 9.8±4.1c 297.5±6.7a
Different letters in the same column indicate differences between
treatments are different (Tukey’s test, P<0.05) (SE standard error).
Fig 2 Daily mortality of Spodoptera frugiperda larvae feeding on
control and castor bean leaf extract-supplemented diets [control
(white diamond), 1% (white circle), 2.5% (multiplication sign), 5%
(white triangle), and 10% (white square) castor bean leaf extracts].
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larval weight, larval development, pupal weight, and/or
nutritional indices affected by feeding on diets containing
trypsin inhibitors (Ramos et al 2009, Pompermayer et al
2001). In the present work, the relative metabolic rate and
the metabolic costs were increased by the addition of the
extracts to the diet, which could be explained by the
presence of a trypsin inhibitor, as S. frugiperda larvae has
been shown to overproduce digestive enzymes when
Fig 3 Nutritional indices of Spodoptera frugiperda larvae fed on control and castor bean leaf extract-supplemented diets. a Food consumption
(grams); b RCR (relative consumption rate, milligrams per milligram per day); c RMR (relative metabolic rate, milligrams per milligram per day); d
RGR (relative growth rate, milligrams per milligram per day); e AD (approximate digestibility, %); f ECI (efficiency of conversion of ingested food,
%); g ECD (efficiency of conversion of digested food, %); h MC (metabolic cost, %). *Different letters indicate that there are differences between
treatments (Tukey’s test, P<0.05) (C+0control treatment, no leaf extract was added to the diet).
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feeding on substrates containing such molecules (Paulillo
et al 2000), which leads to an increase in energy expendi-
ture due to a higher metabolic rate.
Conversion of consumed food into biomass was also
affected by the extracts as indicated by the lower ECI and
ECD, while displaying higher RCR values, indicating that the
larvae feeding on castor bean extracts required a much
higher amount of food to gain the same weight if com-
pared with control larvae.
Trypsin inhibitors act on the primary digestion, and the
whole protein digestion process is interrupted in its first
step (long-chain peptide hydrolysis inside the peritrophic
membrane; Terra & Ferreira 2005). When an ethanolic
castor bean leaf extract containing the trypsin inhibitor
was added to S. frugiperda diet, a dose-dependent increase
in protein content was detected in the frass of these larvae
(Carvalho 2009). If proteins in the food are not digested,
they will be excreted and result in poor amino acid absorp-
tion, consequently leading to a nutritional deficiency due
to the inadequate level of absorption of essential amino
acids (Jongsma & Bolter 1997) and insect poor develop-
ment and death.
Ricin (MW060 kDa) is a common insecticidal protein to
lepidopterans from R. communis (Czapla & Lang 1990), but
it is not present in the leaves of this plant (Anadan et al
2005) and cannot be related with the toxicity of the extract
we tested against S. frugiperda larvae. Castor bean also
contains the alkaloid ricinin (Bigi et al 2004), the polyphe-
nolic molecule epicatechin (Zahir et al 2011), and fatty acids
(Ramos-López et al 2012) in their leaves which all have
insecticidal properties; however, their mode of action
remains unknown. In this case, the toxicity of the castor
bean extract to the larvae of S. frugiperda is either caused
by trypsin inhibitors or one of these molecules can induce a
trypsin inhibitor-like effect on S. frugiperda.
In conclusion, the castor bean leaf extract is a potential
source of molecules with insecticidal and anti-nutritional
properties against S. frugiperda larvae, and the purification
and identification of this(ese) molecule(s) are important
stages to be undertaken to allow for its proper use in insect
pest management.
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